The longitudinal dispersion of a solute between two parallel plates filled with two immiscible electrically conducting fluids is analyzed using Taylor's model. The fluids in both the regions are incompressible and the transport properties are assumed to be constant. The channel walls are assumed to be electrically insulating. Separate solutions are matched at the interface using suitable matching conditions. The flow is accompanied by an irreversible first-order chemical reaction. The effects of the viscosity ratio, pressure gradient and Hartman number on the effective Taylor dispersion coefficient and volumetric flow rate for an open and short circuit are drawn in the absence and in the presence of chemical reactions. As the Hartman number increases the effective Taylor diffusion coefficient decreases for both open and short circuits. When the magnetic field remains constant, the numerical results show that for homogeneous and heterogeneous reactions, the effective Taylor diffusion coefficient decreases with an increase in the reaction rate constant for both open and short circuits.
Introduction
A wide application of the dispersion model began fifty five years ago when numerous authors noticed that longitudinal mixing can be treated the same as diffusion; see Levenspiel and Smith [1] . The most notable is the work of Danckwerts [2] and Taylor [3] [4] [5] who in his pioneering papers introduced the concept of longitudinal dispersion superimposed on plug flow to describe the fact that not all fluid elements travel at equal speed through a system.
Taylor [3] [4] [5] investigated the way in which a liquid spreads out longitudinally as it moves down a straight tube and demonstrated by a few careful experiments and a novel mathematical analysis of a rather heuristic kind, that for downstream of the source the longitudinal spread is equivalent to a diffusion process; he also provided estimates for the longitudinal dispersion coefficient. Since then the notion of a longitudinal dispersion has been recognized as being relevant in a wide variety of contexts, like in flows in rivers and estuaries, in oil pipelines, in water mains, in pneumatic and hydraulic industrial devices, in blood vessels, in tubules, in paints. An enormous variety of extensions and generalizations of Taylor's simple result for a steady flow in a straight circular tube has been developed; see Batchelor [6] . The most notable developments of the classical asymptotic theory of Taylor, while still preserving the basic ideas of his original work, were produced by Aris [7] , Horn [8] , and Brenner [9, 10] . Considerable attention has also been paid to the onedimensional dispersion of the solute during relatively short times, too short for the macro transport process to be fully established; see Philip [11] , Gill and Sankarasubramanian [12, 13] , DeGance and Johns [14] [15] , Hatton and Lightfoot [16] [17] [18] , Yamanaka [19] [20] [21] , and Smith [22, 23] . The importance for practice of the diffusion analysis of Taylor and the subsequent investigations lies in the ability of the one-dimensional transport equation to take into account complicated velocity and concentration profiles in the same manner, as well as providing a theoretical framework for the dispersion coefficient.
But in the above papers, it was assumed that there is no chemical reaction of any kind between the solute and the fluid during the course of dispersion. This was not always true. In many physical phenomena, homogeneous and heterogeneous chemical reactions are always present. Such an analysis of a finite first-order homogeneous reaction in a laminar pipe flow was first studied both theoretically and experimentally by Cleland and Wilhem [24] . The effect of the heterogeneous reaction taking place at the wall was discussed by Katz [25] , whereas Walker [26] , Soloman and Hudson [27] , investigated the combined effect of first-order heterogeneous and homogeneous chemical reactions on the dispersion of soluble matter in a parallel plate channel flow.
The flow aspects of immiscible fluids are of special importance. In modeling such problems, the presence of a second immiscible fluid phase adds a number of complexities as to the nature of interacting transport phenomena and interface conditions between the phases. In general, multi-phase flows are driven by gravitational and viscous forces. There has been some theoretical and experimental work on a stratified laminar flow of two immiscible fluids in a horizontal pipe (Packham and Shail [28] , Alireza and Sahai [29] , Malashetty and Leela [30, 31] ). Loharsbi and Sahai [32] studied two-phase MHD flow and heat transfer in a parallel plate channel with one of the fluids being electrically conducting. A two-phase MHD flow and heat transfer in an inclined channel was investigated by Malashetty and Umavathi [33] . Chamkha [34] reported analytical solutions for the flow of two-immiscible fluids in porous and non-porous parallel-plate channels. Later on, a magnetohydrodynamic two-fluid convective flow and heat transfer in a composite porous medium was analyzed by Malashetty et al. [35] [36] [37] . Umavathi et al. [38] analyzed the Poiseuille-Couette flow of two immiscible fluids between two inclined parallel plate. Recently, Umavathi and Shekar [39] studied the fully developed laminar mixed convection flow in a vertical wavy channel filled with two immiscible viscous fluids with traveling thermal waves using the perturbation method. Kumar et al. [40, 41] studied the solute dispersion in a composite porous medium Keeping in view the wide area of practical importance of multi-fluid flows as mentioned above, it is the objective of the present study to investigate the dispersion of the solute in an electrically conducting immiscible channel flow.
Mathematical formulation of the problem
The physical configuration considered in this study is shown in Fig.1 . Consider the laminar flow of two immiscible fluids between two parallel plates distant 2h apart, taking the X -axis along the mid-section of the channel and the Y -axis perpendicular to the walls. The magnetic field 0 B is applied normal to the flow field and the electric field is applied along the flow field. Region-1   It is assumed that the flow is steady, laminar, fully developed, and that fluid properties are constant. The flow in both the regions is assumed to be driven by a common constant pressure gradient. Under these assumptions, the governing equations of motion for incompressible fluids are Region-1
where i U is the X -component of fluid velocity and i P is the pressure. The subscripts 1 and 2 denote the values for region-1 and region-2, respectively. The boundary conditions on velocity are no-slip conditions requiring that the velocity must vanish at the walls. In addition, continuity of velocity and shear stress at the interface is assumed. With these assumptions, the boundary and interface conditions on velocity become
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Solutions of Eqs (2.5) and (2.6) are
From Eqs (2.8) and (2.9) the average velocities become
Case 1: Diffusion of a tracer in the absence of a first-order chemical reaction.
The equation for the concentration 1 C of the solute for the region-1 satisfies
Similarly, the equation for the concentration 2 C of the solute for the region-2 satisfies 13) in which 1 D and 2 D are the molecular diffusion coefficients (assumed constants) for the region-1 and region-2, respectively.
If we now consider convection across a plane moving with the mean speed of the flow, then relative to this plane the fluid velocities are given by Region-1
where u is the sum of average velocities of region-1 and region-2.
Introducing the dimensionless quantities , , , 16) and using Eqs (2.14) and (2.15), Eqs (2.12) and (2.13) (assuming that
where L is the typical length along the flow direction. Following Taylor [3] , we now assume that partial equilibrium is established in any cross-section of the channel so that the variations of 1 C and 2 C with  are calculated from Eqs (2.17) and (2.18) as Region-1
To solve these equations we use the following boundary conditions 
Following Taylor [3] , we assume that the variations of 1 C and 2 C with  are small compared with those in the longitudinal direction, and if m1 C and m2 C are the mean concentration over a section, 
The fact that no material is lost in the process is expressed by the continuity equation for m1 C and m2 C , namely:
Equations (2.28) and (2.29) using Eqs (2.24) and (2.25) become Region-1 
Equations (2.30) and (2.31) are the well known heat conduction equations which can be solved easily for given initial conditions. To validate the results of the present model, the problem is solved in the absence of the magnetic field and compared with the results of Gupta and Gupta [42] .
The non-dimensional equations of motion for incompressible fluids are Region-1 The average velocities become
The solutions of Eqs (2.19) and (2.20) in the absence of the applied magnetic field 0 B and applied electric field 0 E yields
where 01 C and 02 C being constants to be determined using entry conditions. The volumetric rates at which the solute is transported across a section of the channel of unit breadth The non-dimensional equation of motion is
along with boundary conditions
The average velocity is given by
The concentration equation for one fluid model using Taylor
where
The solution of Eq.(2.42) using boundary conditions
where 0 C is a constant to be determined using entry conditions. The volumetric flow rate in which the solute is transported across a section of the channel of unit breadth is [43] where p is the non-dimensional pressure gradient.
* D is also the effective dispersion co-efficient obtained by Gupta and Gupta [42] in the absence of chemical reactions.
Case 2a: Diffusion of a tracer in the presence of a homogeneous first-order chemical reaction
The physical model and the assumptions made in case 1 are true here, except that we have the chemical reaction. In this case we assume that the chemical reaction is first order and it occurs under such conditions that the gas film resistance is negligible. This means that the reaction term is
mol cm s , which represents the volume rate of disappearance of the solute due to the chemical reaction. Here K represents the first-order reaction rate constant.
The velocity and average velocity are exactly the same as in Eqs (2.8)-(2.11). The equations for concentration, instead of Eqs (2.12) and (2.13), are Region-1
Along with the boundary condition (2.21), the continuity of concentration and continuity of mass flux at the interface is considered to evaluate the integrating constants. That is and at
Following the analysis of case 1, the non-dimensional form of Eqs (2.45) and (2.46) are Region-1
The solutions of Eqs (2.48) and (2.49) become Region-1
The expressions for 1 C and 2 C can also be written as
The volumetric flow rates at which the solute is transported across a section of the channel of unit breadth 1 Q (region-1) and 2 Q (region-2) using Eqs (2.14), (2.15) and (2.50), (2.51), respectively are given by Region-1
Following the procedure explained in case 1 and using the fact that no material is lost in the process expressed by the continuity equation for 1 C and 2 C , given by Eqs (2.50) and (2.51), we obtain an effective dispersion coefficient 
Case 2b: Diffusion of a tracer with a combined homogeneous and heterogeneous first-order chemical reaction
We now discuss the problem of diffusion in a channel with a first-order irreversible chemical reaction taking place both in the bulk of the fluid as well as at the walls which are assumed to be catalytic. In this case the diffusion equations remain the same as defined in Eqs (2.48) and (2.49) subject to the dimensionless boundary and interface conditions as 
The procedure of evaluating the volumetric flow rate and effective dispersion coefficient is the same as in Eqs (2.52) to (2.54).
Case 2c: Diffusion of a tracer in the presence of a homogeneous first-order chemical reaction in the absence of the magnetic field for a purely viscous fluid (two fluid model).
We justify our results by comparing them with the results obtained by Gupta and Gupta [42] (one fluid model) with a first order chemical reaction for a purely viscous fluid.
The solutions of velocities and average velocities are the same as in Eqs (2.34) to (2.37). The solutions of Eqs (2.19) and (2.20) for a purely viscous fluid yields
The volumetric rates at which the solute is transported across a section of the channel of unit breadth The solution of Eq.(2.58) using boundary conditions
The volumetric flow rate in which the solute is transported across a section of the channel of unit breadth is 
Results and discussion
The longitudinal dispersion of a two-fluid MHD fluid flow between two parallel plates in the presence of a transverse magnetic field and uniform electric field applied across the channel is discussed. The dispersion of a solute is analyzed with or without a first order chemical reaction following the Taylor diffusion model. The average velocities in both the regions are evaluated using noslip conditions at the boundaries and continuity of velocity and shear stress at the interface. The effective Taylor diffusion coefficient (ETDC) in each region is evaluated for the governing parameters and is tabulated. The effect of Hartman number M on the velocity for open and short circuits is shown in Fig.1 . We observe that the effect of increasing the magnetic field is to decrease the velocity in both the regions. We also observe the flattening of the velocity profile for large values of the Hartman number. This is due to the 
As the viscosity ratio m   Fig.3 . Volumetric flow rate Q versus the Hartman number M , viscosity ratio m , pressure gradient p height of the channel h and electric load parameter in the absence of a first order chemical reaction. 
The effects of the Hartman number M, viscosity ratio m , pressure gradient and height of the channel h on the volumetric flow rate Q is shown in Fig.2  , p 1  and h 1  (i.e., considering the same fluid in both the regions) we obtain the results of Gupta and Gupta [37] for KC 0  which are also the results of Wooding [43] as shown in Tab.4. 35876E-6 1.36619E-4 1.44978E-4 9.46219E-6 9.46219E-6 1.89244E-5  1.2 8.50548E-6 1.20835E-4 1.29341E-4 8.82393E-6 8.82393E-6 1.76479E-5  1.6 8.30537E-6 1.05557E-4 1.13862E-4 8.06677E-6 
